
UNCLASSIFIED

AD NUMBER
AD348901

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Controlling DoD Organization: Director,
Naval Research Laboratory, Washington, DC.

AUTHORITY
NRL ltr dtd 17 Sep 2007; NRL ltr dtd 17
Sep 2007

THIS PAGE IS UNCLASSIFIED



CONFIDENTIAL

AD 3489O)

DEFENSE DOCUMENTATION CENTER
FOR

SCIENTIFIC AND TECHNICAL INFORMATION
-CAMERON STATION. ALEXANDRIA. VIRGINIA

CONFIDENTIAL



NOTICE: When govein-nt or other drawings, speci-
fications or other data ere used. for any ,purpose
other than in connection with a definitely -r!ated
government procurement opelation, the U. S.
Government thereby incure no responsibility, nor any.
obligation whatsoever; and the fact that the Govern-
ment mayhwve fonmulated, fLrnishepd, or in any way
supplied the said dxnwingsp specifications, or other
data is no,. to be regarded by implication or other-
'wise an in any manner licensing .the holder or any
other person or ccz•ration, or conveying any rights
or permission to manufacture, use.,or sell any
pattnted invention that may in any way be related
thereto.

NOTICE:

THIS DOCUMENT CONTAINS INFORMATION

AFFECTING THE NATIONAL DEFEhNSE OF

THE UNITED STATES WITHIN THE MEAR.-

ING OF THE ESPIONAGE LAWS, TITim, 18,

U.S.C., SECTIONS 793 and 794. THE

TRA1NSISSION OR THE REVELATION OF

ITS CONTENTS Ph ANY WMWAR TO AN

UNALTTHORIZED PERBON IS F;,0.iBITEn

BY LAW.



LLN01VFIDE-,NTIAL ' e.t63

S-$-ASURYEYOQF ULTRAVIOLET,
COMMUNICATION SYS EMS'

-[UNctAs-FlE~ -TITL-E

,G L. Ilarvey

Consultant
Optics Division

_ 'March 13, 1964'

U. S. NAVAL RESEARCH LABORATORr

Washington. DC•.

CONFIDENTIAL



CONFDENTIAL,

'SECURITY

This document cont.lnsin•ormation affect-
ing, {.AM national defense of6 -the -United States
withih- the' meaning of 'the E'soionage La",s,
'Title 16""11S.C., Sections 793' and 794. The,
transmlisibn orthe re'velation- of-ItS 2cdntents
in any manner to an uinuthorlied person isprohbited by law.

bD'C AVAMLABILITY NOTICE

Qualified Frqueuters may-obtain.
copies of- this, veport from DDC.

CONFIDENT IM



C0N ff1m,.T!L

11 r1OPUC~O~ -4-

THEg SPECT~RUM; 5

fkv Ait rM'jisiet -

- tJ'dcll hi~1 ffar-UWrjvolct - -5

OP~TICA\L 'MA7AEjUtAES ND THE ULTRAVIOLET

QýQrtz, 9
- Crystaimý 10

Trarifiss'i~osO( -Wozer

Chomca! -- b~.0313

DTt~Ck0I1.'kCR ¶3FU1LTW~v0,LET 16

13holograp).do Fi~m'ark lae 16
~Thermocouplas 17

17

SDULRCrS 0FRAVIM1VRN -19

--cand-tcont Sourct 20
Met-v~iry Are 3'amps 'I
.ý¶orcvry Vitpoi'S5uidarps 21

I.~Prc~surc Micury'Ar 22"
High1 voltqI' banp~ 23

'6e Cairbon frs 28
Gas~ois bin~harps Z

SOL.AR RADIATION Z9

DISCUSSION OF-COMMUNM AT-I0N:$Y5TLMS USING
ULw4RAVIOIzT tkArwriJorN 32

Uavic 3 aiu
A-Dri$e Em~ory U~r~k ~awz~33

rofa t4 npoznets 1f'r a C'irucawrs System ý
Dwctcu&37
El~~ya!. Ccuns37

CONCL'MDING iýEX*RK 38

R EFERENCFS 39

CONMIDENTIAL



CONFIDENTIAL

.This report contains. jtreviewv ofxuitraviolet Cbm1munication sys-
tems dleveiloped 60Px'2 Ahe% pari60ll92Orto l9~. Si~uiý6odf-radliation
used In thcse~systems-wr 6rbonývircs, low p're'ssu-re- mercu-ryarc
lamps, g, 'ilum-amps, and--nlitrge-n fihile tbos, -Receivers,,worje,ln
most casg,- nmultiplier:phototufhes;, howev'er a fluorescent telescope
ajid mhetasc'opes were~aiso .used. *Several- ot~f tse-systebi~ad most

o.terdatio "6oe6trated -In the 2,53GA mercu~ry- line, w>rcglon
wvhei'e the atmospheric attenation -is, very -higim. Others- attemptPO
only to limit the radiation1 'ýP;,hc -1nvisibl e portion of the ultraviolet
spectrizi~j Ie., belowaliaut, 3500A. None of the~systemiis vweie report-
ed to 140 wbrk6d well dluring dayliOlt- operatoions.

Data~oii tjio transmission of bhe atinospliere in the ultraviolet.
r'egion ahn4 tin 'lilters, seurc6,,a'and roceivefs are included.

A communication syistem for directional' or beacon operatiow
during dailight or nighttime w~ith at~leask a4O;-niie-ingeon1 an, a'v*
eiuge dy is conside~ed fj~sible. boireod-samcu-
xenoji arc lamp Qr a-nitrogen filled'tube. lifiproc'cd-slignal4o-noist;
ratio w ill be ob 'tained If thie sour~cbls pnaled. The re~elyer would
uae t minuftiptId"photd~tube with'an irttrference type filter,

PROBlLEM STATUS

This is a sy:vey of the~prvsents.tatb o!fthe'adi on one phase (if
this problem; wo.-k-is eni~nuing onlo'ý._ pha~ses.

,1JTHOEUZATION

Z43ni'acript urnitld October Z9, 1-563.
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A SURVEY O F ULTRAVlO LET COMM UNICATION SYSTEMS
Urclassif~d Title'

INTRODUCTION,

When dealing with problems, 'in the ultraviolet region, su~ch as the use of ultraviolet
x wduuiav I've communication, It is convenient to have assembled In one docunien~information
for malting preliminavý evaluations. This document attempts to provide tilts;function ai"'
eoiitains daita onl atmosp~heric transmission, filter materials, sources, and-receivers mainly
for the middle 'and near ultraviolet regions.

SULccejting rcpurts will p~resent experimental data obtained during various atniosplierin
conditirnsi with equipment designed to inip~uve thie sigiA.-to-noise ratio of signals trans-
mnitted in the ultravlolct region.

ATMOSPH ERIC TRANSMISSION

The selection of a system call be started by exaniininAhe dt.,nuation of the atmosphere
and ruling out those wavelengihs which ari! obviously unsatisfaziory.

Energy radiated from a point sour~ce is diminished in twvo wvays ,3 It is propagated
through the atmosphere. Tiic-irraidance varies inversply as the square of the distance
from the source due to the spreading and Is exponentially attenuated wvlth~distance becadac
of ahsorption and scatteringr. Thus

R2

where I10 is the irradlance of the source, R is the range, iIis the irradiance at a1 distance
R, and , Is the attenuation coefficienit.

In order to lhavo a complete coverage of iho processes of atmospheric. transmission one
r1,4hjt Matrt by examining the transmission of aplerfectly clear atml6'sphere. W!ih a perfectly
clear atmosphere the visual rao'gt Is not infinite because of scattering by the gas molecules
In tfie aimosphiere. This effect Is called Rayleigh scatteringr and can be expressed mathe-
matically byi the equati')n

no 1)2 (2)

where is the attenuation coefficient, n is the number-of particles per cm3 at STP, and
*is the index of refraction. A typical value of n Is 2.568 1019 at 760 mim lig and I5'C

(-) i i fo. dry air can be found from tables tz) and is the order of 2700 lO1-7 A plot
of Eq. (2) for wavelengths from 2000A to 9000A is shown In Fr,. 1.

Me corological visual rangc has been defined as

CONFIDEN TIAL1
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Fig. 1I Rayleigh scattering in pure
O'l air at STP

W4 4W .0 '00 Tf 6100 0

where C Is the brightness contrast- as-defleed,:y the expression

in wh~ich D. ls-tLe brightnes -of~th&tbacl un.iid-pn.n 0~dB -p-thp-brightl a~- ~-~ W~-o"41
cjuestion. , t can be seen fro'm Eq. -(S) thvat-C i r'elate~d to the vistal-rang6 lý

A value of 0.02 has been otsea by many workers as-a standard for -ttie'byghtnes s contrabt
Whvin the value 0.02 is substituted in Eq. (3) the visibility equation becomes V. 3.9~12/o.

'"he visual range with a rperteptly clear atmosphere can now be obtained from Eq. (3)
using'~he attenuation value from Fig. 1 at, a waveikiigt of:5500A. The vismal~rango In fouInd
to-be 3lSkni or about 170 naut:call miles over-a horizontal path at stanidard atnmospherid
conditions, T tes.t calculations have been made to show ihl-Athe Jactors other thaanmolecular
scattering Ilinit-Alie range It all wave-Ilengths even under Ideal conditions, bince ranges of
tlw order of 170-milles aice not. normal. In xrea~ktinispherei, scattering by haze-is thc-pro-
dominant atte.awiting wecha~ism In the visible specti om.

An Indica1tIon o' actua~l vtua daylight -anges realizable wIth different atanespherlc -

conditions ws given in Table,1. The, ode used, which is-.roughly a geometric progression,
was-Ielr rnathy years the InterntiULnal Seclde-vf VisIbi1lty. Colummi 14) aid. (5) were added
fo' reference.

In order to relate tho-nuolberi, in 'fable I to the attenuation constant, consider the uaue
of a hazy day where- the vslbl'ly is I to2 milesa (code 2Qo, or 5). The corrcspwiding
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attenuation constants are 0.6 _ 10" 6 /cm to 9.8 x 1O- 6 /cn, inhueh larger than the value of
63123 - ij0 6 /cm corresponding to Rayleigh scattering alone, whichwas shown above to
result b, a theoreticafl range, of 170 miles. Even on an exceptkinafly clearslay when the
visibility is 27 miles the attenuation facto- is 0.784'x 10" 6 /cm\,(compared to 0.123-' 10 6 /cm
for Rayleigh scattering),, so i- most. c.ises !Rakleigh scattering is negligible compared to
nther attenuating factors.

Equation (3) Is- based on the :ibility to, distinguish-a black-,objb[i against a uniformly
illimlnated horizon sky. Idea:lhthb object should subteid'l/2 to I deree in each dfinen-

eion. Wooded ridges aredr'quently~used as the black object, sinceoth" have a very low
reflectance ,Nnd therdfore appear black.

The nighttime viribiiity of lightsis determined by observing the,candlepower of a lamp
wht ii jdiit dlsappeare'or, alternately observiog the distance at which ai 00-candlepower
lamp Is visible. hi e••he, method at table is r'equired to-correlate the night ramge with the
daytime visibility assuming that the atmosphere was the same. Table 2, takeni from Ref. 3,
relales the day and night visual range for the ,kanieatniosphere.

Tabe 2
Comparison of Day and Night Visual Ranges

Visual Range ai Night for Lights of*,

[Dayiimo Visibiiity -- 
1 60 el)

27 yd 38 yd 53 yd 70 yd 87

55 K69 111 139 114

11o 12 204 209 347

220 226 17i 525 689

650. 451 829 1240 1690

1100 't38 '1490 1-1/3 ni 2 mi

1-1/4 ml 1140 1-1/2 mi 241/2 3.2/3

1/2 1650 2-1/2 4-2/3 7

1-1/4 mi 3-3/4 1 7-1/2 12

6-1/4 1-1/3 4-3/4 10 1i

1 12-1/2 1,-1/2 7-1/2 lb 30

18 1-2/3 9 24 44

31 1-3/ I1 34 67 I

'An ordinary tun.xpte•n bilbt, rated at 40 watts %,as a candikeower of about
32, and a 100- x..t ziuigaten bulb his a candl4,power of about 100; % 1000-
watt znercurN-x:vnoo lnrrup his an output of r,,000 lumens-or a candle-
p->'.er of 5.,0,.i" 4t00 cat0 udles.

CONFIDENTIAL
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THE SPECTRUM

Factors which limit the range in one wavelength region can often be~neglected in other
regions; therefore-an exAmination Of the spectrum wvill be made, starting at the shorter
wavelengths in the ultraviolet.

Different, portions sf the spectrum are lsually assigned names as a matter of conven-
ience. One classification is the fellowk.ý". far, ultraviolct tbclow 2000A, middle ultraviolet
from 2000A to 3000A, near ultraviolet frown 3000A to 4006A, and visible~rigton from 4000A
to 7000A.

Far Utraviolet

Orly , brief discusslo-ids needed to dipense with the far ultraviolet regon. The air
is so cpique at these wave nygths, even over apath length of a iew meters, that commuini-
cation is unlikely. -Only in;the upper afiroslphere, where the absorption byv0zone and other
gases is small, would usA ot-these wavelengths be prac-ical. For-exapiple, up to a height
of 12 km the radiation fi-orn4he sun at wavelengths-below 2900A Is negligible because of the
absorption by atmospherlc gases. This is illui trated by Fig. 2, which shows the spectrMt

absorption coefficientof tkj ý'en to be -100 crif"' b,'ae e at 1300A =nd 4 cm-1 -base e at 1800A.
At the peak value, where theiubsorption coefficient IS,480 cmnr'" radiation in passing through
1-cm of oxygen is reduced tol.7' 10-12 of its original value.

Other gases also al-soi b strongly in the far ultraviolet. Nitrogen has weakbands at
109O0A to 1450A arid strong absorption from 800A-to 1004A. Water vapor has airabsorption
continuum from 1435A to 1860A.

The data-for Fig. 2 were obtained (4) by measuring the transmissions ot,.very pure
saihij es of oxygen and ozone at-STP. Wherrthese grapl'.:io Fig, 2are used, it is necessaiv
",to determine the total amount of gas-present over thVLpath length.

The atmosphere If. approxitmately 21 percent oxygen; therefore the attenuation coeff,-
cdent for oxygen is obtaihed by takog,0.21 o- the value obtained from-the graph and multi-
plying by.the path length in the same units for which the cosiaant is given.

Since the amount of dzone-in the atmosphere -s variable, the total amount in a horizon-
tal path Is not so easily determined. This.-s discussed in more detail in following
paragraphs.

Middle and Near Ultravlolet

The middle and neap ultraviol!t reglons.,hat !: -•uvefbngths lying rnghly between
20COA and 4000A, willbe examined nex.t.

Absorption by Ozone - A plot of-the :,bsorplion coefficients for them ost tbsurbing gases
has beeni prepar-4-rom•data in the Ha.,obook of Geophysics (4) and ip shown in Fig. 2. It
will be no'ed that the peak abworpton due to ozone occrs at 2533A.and has a value of-about
325 nm-1 in order to de- ermine the attenuation coefficient per ),m o'er a horizontal path
it is necessary-to know the amwunt of ozone in the atmosphere .t the s•mfare of the earth,.
The amount ts variable, ranging from 0 to 0.02 parts per wmlion (ppm) in the winter and
from 0 t 0 07 ppm in thusummer (5). Dobson (6) has coltected d,-a from many parts of

CONFIDE•TIAL



6NAVAL RESEARCH LABORATORY CONFIDENTIAL

0

ZO WJ ,.-'A) IV
00 voo

2 0

6i

~&

n- ý. s ji;ij0

COFDETA



CONFIDENTIAL NAVAL RESEARCH LABORATORY 7

i0- -14 on the amount of ozone at various altitudes and climatic conditions. It has been
iifned that the greatest annual variations occur at high latitudes and that in general

,uAl'iount of ozone varies inversely with preisure, temperature, and density of the air.

Absorption by Oxygen - Oxygun, a strong absorber in the far uitrabiolet has relatively
weaik absorition bands in the middle ultraviolet. These are the Herzberg bands froom 2400A
to 2600A as shown in Fig. 2.

Absorption by Other Gases2 - Nitrogen transmits freely from 1450A to the visible.
CarLbontoxjde absorbs weakly in thle region 2000A to 3000A., Sulfur dioxide absorbs
strongly from'270'0A to 3160A, but there is usually very llttl• SOý present. Nearly all the
rest of ticatmospheric gases occur in fixed amounts and have neglibible absorption in the
region 2000A to 3200A.

Experinicatal Data on Horizontal Attenuation

All of the factors pertaining to atmospheric attenuation discussed so far have been of
a relatively constant nature, permittitig the attenuation coefficient to be calculated for any
given wavelength. This Is not strictly true where ozone absorption Is involved; however,
the maximum attenuation can be determined fronm the maxinmum.ameunt of ozone- prca.nt
ofI0.07 ppm.

Dunkelmian, Stewart, et al; have measured the horizontal attenuation of ultraviolet and
visible light by the tower atmosphere at night il city, desert, and sea atmospheres undir
conditions ranging from fog to exceptionally clear-ahr. Their results indicate that when
visibility is poor the attenuation coefficient may he 100 times the vahiu for pure air.

,Figure 3 roughly sumnmaelzes the data from Dunkelma,'s (7) report in that It shows the
DI•a•ItU! at11d G.Inin!ul !"uero[ attenuattluo, obtained during these measurements. Tile flat
por"on of the curve between 3000A and 4500A, due to scattering by fog, would probably have
exte ided through the whole spectrum hlmd data been taken at all wavelengths.

Fog particles are reported by meteorologists to have radii of about 10j, to 100j'. Since
their diameters are always larger than-any wavelength In the region 2000A to 7000A, It Is
unlikely that any particular wavelength oi color of light will penArate fog better than any
other wavelength or color.

OPTICAL MATERIALS AND FILTERS FOR
TilE ULTRAVIOLET

Optical materials are ush-ally categorized according to their index of refraction, trars-
inittance, and absorl;-ance or density. Transmittance Is usually expressed In percentage,
not corrected for surface reflection, Thai is, if a plate has a transmittance of 90 percent
and 4 percent reflection from the front and rear surfaces, the total energy transmitted is
82 percent. Transmittance is defined as the ratio of the radiant power ti ansmltted by a
sample to the radiant power incident when the Incident beam consists of p.arallel radiation
normal to the surface of the sample. Density (amsorbance) js the logarithm to the base 10
of the reciprocal (f the traosmittance.

CONFIDENTIAL
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The transmission of a sample varies with Its thickness in accordance with the equation

I o 2t (6)

fypes of Filters

Filters can be classified according to their construction or mode of operation. The
most common types Include solution filters, colored glasses, gelatin stained with dyes, and
!nte'frcrcnre filters. Other types are the selective reflection filter, scattering filter, polari-
zation filter, and refraction filter. Characteristics of the filters are transmittance, reflec-
tion, sharpness of cutoff, bandwidth, leakage outside the passband, and possibly angular field
of view.

Glasses

The ability of glass to transmit ultraviolet is determined largely by Its Iron content.
Anauunts as small as 0.01 percent occurring as impurities affect the transmission of the
glass.

Ordinary window glass 1 mm thick Is practically opaque to wavelengths shorter than
3000A (8) Table 3 give,, the value of the absorption coefficient of window glass for several
vavelmittlhs. Using these values of , the curves of Fig. 4 were drawn for two thicknesses
of wt dow glass.

Pyrex (the trade name for a borosilicate glass made by Corning Glass Co.) is heat and
chemical resitant and has much better transmission properties titan ordinary window glass.

CONFIDFNTIAL
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Table 3
Absorption Coefficient of Window-Glass

(A;gstroms) (car 1)

5i200 5.0

3400 1." 9

3000 0.45

950

~40

1".1 4020 2000 3000 3200 3400 3600 3800
WAVELCNC*TH (ANGSTROMS)

Fig~. 4I - rrmIn.nhibbion of various types and
thickness of materials

Referring to Fig. 4, it is~seeo that Pyrex glass No. 774 transmits at mrfli shorter wave-
lengths than window glass, dropping to 30-percent trantamission at~about 3000A.

Other Pyrex typoe glasses suitable for ultraviolet transmission are Corex D, Pyrcx
No. 9741, and Vycor No. 791. Corex D Is useful for bulbs on sunlamps as it transmits the
erythema or sunt tanning wavelengths which are most effective at about 2967A while cutting
out the less desirable germicidal mercurcy lint! at 2537A. The most effective wavecjClgtlx1
for germicidal effectiveness is 2600A, dropping to very little bactericidal action at 3200A.

The Vycor gla~ssos approach silica fin their pi operties but can be fabricated at lower
temperatures than quartz. A curve for I-mm-thick Vycor No. 791 is shown In Fig. 4.

Quazt Z

Quartz, both fused and crystal, transmnits in the far ultraviolet region. However, ab
can be s~en fromt Fig. 4. crystalline quartz haj; lxi~lger transmission thani fused quartz.

CONFIDENTIAL
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Ciystals

The halides which transmit well in the infrared region also transmit well in the ultra-
violei. Calcite (CaCO 3 ), fluorite (CaF 2 ), and rock salt (NaCI) are often used in optical
instruments for ultraviolet. A thickness of several centimeters of fluorite, (or example,
has 50-percent transmission at 1860A. The absorption coefficients for w .agiiis from
1860A to 2800A are given in Table 4 as listed by Koller (8).

Table 4
Absorption Coefficients for Calcite, Fluorite,

and Rock Salt

Wave1ength Absorption Thickness for
Substance ( 'Angstoms Coefficient 50%oTransmissfoli

(Angstrms) m ) (cm)

Fluorite 1860 0.22 3.15

Calcite 2150 3.36 0.21

2300 1.25 0.56

2400 0.58 1.20

2500 0.40 1.73

2600 0.29 2.39

2700 0.20 3.46

2800 0.16 4.33

Rock Salt 1860 0.36 1.93

"210 0.26 2.67

2310 0.15 4.62

2800 0.046 15.1

Glass Filters

A large number ,4 ,lass filters are commercitlly available with transmissions of 30
to 90 percent in portions of the ultra% iolet rgion. Many of these also have some trans-
mission in the visible and infrared regions. Tile transmnissiorn of a number of colored
glajs-,es nanufactored by ste tral companies is listed in t0e lHandblok of Chemistry and
Fhy•ics (9).

The tLiastitzission of several ultraviolet transmitting glaso fi!ters manufactured by
Ckorning Glass Works is shown it Fig. 5. The only one having no transmission in the visible

CONFIDENTIAL



CONFJbENTIAL. NAVAL RESEARCH LABORATORY 1

1- 10--

o'

I V ' I w

4 C4

-~ 2

0 -- 0

- * O 04

- '1
) 0 0 0 0 I\00 0 0 -

.1 e a Nv 10 I

-N~tl -osinhu 108 14,S~ISVllNN

CONFIDEN0



12 NAVAL RESEARCH LABORATORY CONFIDENTIAL

Is !7-37. Its transmission in thie~'l.travioiet lies between 3200A and 3900A. A filter used
frequently for ultraviolet work ihsAthe 7-54, which transmnits from about 2300A to 4200A,
Houcwvcr, it will be noted that It also transmits in the visible region. The dashed portions
of the-curves indicate that there is no control of the transmission in these regions. Number
7-54 is not resistant to heat shock, however, and is affected sonie by atmospheric conditions.

Transmission of W'.dter

.Although water alone might not be used as ani ultrav~olet filter, it could be used as a
vehicle for other materials. Therefore its transmissioa~ is considered in this section.

Ilullhurt (10-12) found that the absorption coefficients for extremely pure water were
more than 10 times those calculated due to scattering. Figure 6 shows the absorption
coefficients for pure water lin the region 2000A to 7000A.

Fig. 6 -Ultraviolet absorption

The transparency of pure water in the n~ear ultraviolet region is shown~ by Fig. 7, which
ir a I-'-t of the transmission of 10 cmn and ICO ,in of water ising the ai'-orption coefficients
of liviburt.

CONFIDENTIAL
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Fig. 7Tr~nsmissiovn of pure water'

Plastics

Trhe spectral transmission uf several comninii plastics is sho~~'ii in Fig. 0. These are
all of different thicknesses, and tihs should be taken into account when comparing their
transmittance. For example, compare the k.,ticulated transmission of~a 0.003-inch t hickness

of Saran (vinylidene chloride) wvith the measu.red transmission of a 0.,003-inech thicknebs t)f
lpolyethielenoC at 2500A. From Fig. 8 the transmission of a 0.0005-inch-thick sample of Saran
is 80 percent. From Eq. (6) tilc transmisqsion, of-, aA.M03-inch thicknetof Sarai. i6 found
to be 441.5 percent, which is very close to the measured value of 46 pereeit shown in Fig.
8 for polyethelenle.

Chemical Solutions

Thle absorption of various chemical substances can-be found by refereace to thle Inter-
n tional critical Tables (13).

Kasha (14l) fou.-.d that a 5.cm optical path of anl aqueous solution containing 240 gramis
per liter of NiSO4 61120 and 45 gramus per--liter of CoSO4 71120 would transmit 50 peicent of-
the inciftn't radiation between 2400A and 3200A, as shown by curve A in Fig. 9. Not shown
is a humip of 1.5 percent peaked at 5700A. Potassium chromate (curve 13) has a good trans-
mission in.,xir.nuni at 3130A, thle wavelength of a strong group of mercury lines.

(Aiplric sulfate is useful for remioving the infrared in conjunction with filters which
separate the ultraviolet and visible. Its transmission is shown by curve A in Fig. 10. In
this same figure, curve B shows thie combination of a Corning 7-54 filter with a cupric
sulfate cell for removing the infrared and visible.

Cat~on-X (2,7-diiinetisyl-3.6-diaz)c-yclohtept,- -1,6-dienie perchlorate) in polyvinyl alcohol
films is used to kliminate lung-wavelengthi response. Thle absorbance of films of polyvinyl
alcohol Incorporating, cation-X are reproduced in Fig. 11 from Ref. (15).

Miscellaneous Filters

Mci~ride aind Olsen (15) haP bummarized the present state of the art in optical materials
and hate Included a good list ol references on this subject. They have a very good summlary
oin the prepairattio (if chemical filters such as nickel sulfate hexahlydrate crystals and onl
alkali metals.
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Fig. 10 - Tranpriissior of (A) cupric sulfate and (B)).cupric
stfate pl'4s glass filter 7-54

o
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Fig. I - Absorbance of films of polyvinyl alcohol
inmorporating cation-X

The IGI filter was developed,)y White (16) to exclude all visible light from a gallium
arc lamp. This filter consists of a sanawich of nickel sulfate sorbital complex between a
plate of polished fused silica and a plate of Corex-9863. A thickness of 3.5 mm of the com-
plex and 3.5 mnl of the Corex has a transmission of 65 to 74 percent in the region 2800A
to 3000A, where the gallium Ine2 are strong. The nickel sorbital complex was developed
to obtain a solid filter with the characteristics of nickel sulfate in water.

Interference Filters

Interference filters may either transmit or reflect light over a narrow spectral range.
A transmission filter co.,sis's of two highly reflecting semitr'snsparent metal films sepa-
rated b, a spacer. The .cparation of the films, (which is half a wavelength or a multiple
thereof) determines the wavelength of the passband. A first-order filter ha,.. a separation
of hadf a wavelength and a bandwidth, between wavelengths where the transmission is half
Ih( maximum, of less than 200A-(17). A second-order filter has a bandwidth of less than

CONFIDENTIAL
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100A. Transmission values at- the !)oak vary froxni k to 50:-perccnt. Interference filters
arc avallable-hi~ough the-~reglon fro'm 2400A io 1,.2.0 'A. They narq~o avallnble~vvftlrfhe-
tiranshilsslon at the~undesif~d ordee-iiloced out.

Figure 12]from Ret. '17?, shows Ihe-responseuof a fyflical,,first-order filte? designed fox-
T aXmniini~trar~nilasi~on at 6490A. "fie manufacturing iolhrancels, ±iOA-,ui~l 01,14half-Ifidth,
a-iiafimjjuix of 200A. Figure IS, irk m~ Reh.7 lt-ectrolyhotonietrflc'curiweof a typical
second-order filter for 5460A hatvitia hal-f-width of-'WA. Note th-at'theifirst.7order- filter

has 29-percen trmissiois In the A~travfolel at, 3460A and th~e second-order. filter has
tlilrd~order transndission-of 35 percent at 3780A. 'When (~~-d~rdorders aire not~blocked
out, these filters can, -of cours(e, bil used as narrow-band'flthpr,.-a-t aiy~of the orders which
are transmitted.

0O - 40-

IX-_2 20 -

3000 4000 5000 £000 ZOC,) '80000 300, 4000 5000 6000 7000 8000
WAVELCJ01I (ANGSTRlOMS) WAVCLCNGIH- (ANG$TROMS)

kig. U. Trantimml-391on of vfirstý Fig. 13 -Transinitiion of-a second-
orde r ttnterfcrrace -filtrr order Interfe rence. filter

When the angle of lnel~tence of the radiation A. not normal to the filter the passband
shifts to shorter Wavelengths. Also (be passband-becomes a doublet with increasing sepi,-

alion as ithe angle of loeldene is Increased. A fi- U~-order filter Peaked at 6500A will have
doublets at about G050A and 6250A when-the angle if incidec-no becomes 30 degrees. A
serond-ordler filter might, for-example, have cloul~lts whcich are shifted from a1 single peak
at 6500A for an Incidevt angle of 30 degrees, to 5l OX-and 5450A at 60 dlegrees.

DETrECTORS FOR rilE ULTRAVIOLET

Detectors for the ultraviolet Include iliar nitcot, i.ý , photocells, ionization chambers,
chemical reactloriv, and photog~raphic pilates,

Photographic Films and Plates

Photographic processes are most useful when It vi~desired to-ccurd the spectral
characte-lsticf. ef : Garc; or -,,lood and a sult.bie spiciromotcr is avatiltblu.

Photographic techniques might be used during tN &'elOopinent of a- communicat ions
t~ysteni, but It fs atot likely that they will be aised hi Us' fti' - system dliscussed in tikds report.
Ther.-fore, no further discussion is necessary. Refer 'rct, 48 contaias-lnformatlorn on tha
characteristics tof ultraviolet sensitive filmns.

CONFIDE~NTIAL
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Therniocoupics

Thiermoco~uples and bolorneters are useful for makzing absolute mieasuremlenits over .1
wide railge of wavelengths. Thezreceivhig~ element of a thermocouple, thermopile, or
boionleter 'can bt. blackened so thai it wiiilhavc unziform response over any desired region.

The response ti me of a wide- Ppect call-ringe thermocouple is in some casei. :,s i.gas
a second oz'-nicre. The sensitivity is aiso pour compazved t6 many othii~r types of detectors
such ats phototubes. Havens (19-predicted that the ultimate sensitivity or minimum detect-
aible power of a therniocouple.or, fr "meter is about A,, 3 .10-12 Al 2 -1 watts,-where
A is the area-In nmm2 ýijd-'is-tihe time constant in seconds. This sensitivity Is apprnached
within a factor of 2 to 3 In praclik e-witli some thermial devices designled for specific
applications.

When compared with the sensitvity-of a multiplier lphototube of 10-1 watts (20,211),thie
best thermoupiles are about 10,6~0 times tess scnisltlve avid have a much longer response
timle.

Phototubes

Pilototubes and multir iier phototubes operate at wavelengths of a few hundred angstroms
up through thle near finfra,'ed depending onl tile type of winldow material and tile catihode
material. A teclllliquo, -inalogous to overcoating of photographic plates, canl be used where-
by tile incomling radiation causes the receiver to fluoresce, emittinlg lighlt to which thle
iliotot'.lbe Is sensitive.

-1 ie efficiencoy oi dectectors canl be given in terms of the quanitumi efficiency, that Is, tile
nlumb~er of electrons ýgelneratcd" or enmitted by a detector jper phloton (Imlpingling onl It. Figure
14 shIows tile quanitunm efficiencies for a number of pihotosenlsitive cathodes (reproduced
from a chlart by International Telephlone and Telegraph Co., Fort Waynle, Indiana). Tile
sipee'ral response of tile surfaces Is also shown ill units of amperes iper wvall.

All idea of* tile sensitivity of a phloto detector canl be gained by first assumning that eachl
quantunm relenses 011e Ecectl'ol. Ill this case

ampees I~c ~(7)

whlere e s tile electronic charge, 1.602 -10-19 coulom~b, ', is the wavelen~gth ill anlgstroms,
1, Is Planck's constant, 6.625 , 0-2' erg see, and v is tile velocity of liglit, 2,99 -1018
allgstrolnis/sec. Before tile phlotoelectric effect call take p~lace, tile photon01 m~ust imlpart
enlougih enlergy to tile electronl to overcomle tile work functior of tile phloto surface, rThe
resultinlg qu.alltulll yieldis are tile order of I to 12 p~ercenlt fo,- tile commonl surfaces, as
shown on Fig. 14.

The advantage of multiplier pilototulles over' diodP , aototubes is m~ainly tile reduction
of 110150 obtainable withl a mlultiplier type compliared 'to that of a lplototube and all amplifier.
"'ie0 cu~rrenlt amlplification of tubes withl nineO alnd tell dynodit Flager. Is fromn about 10 to
2 - 0",.

Tile m'uivalent no0ise Input of a phll'c ~'e 'Ics tile illeidellt flux whichl whenl modulated ill
a stated mallnpr produces all rms outpuv current equal to tile rms 110150 current withlin a

CONF1IM'-.N-TIAL
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0s 0 098 ats Tii 20ut 300a0 wou0d expect since a00 lumen is0 0.0014 watt a

the~ ~~~~Fg 1eak ,htsensitiv~t ftea ,na 00,adte cath8dis sihl oesniie h

Theifignit-r~ec. e'ped bynwdh For afac, utplehtore ohic 100 bycolng th5esptuse withd liqui

use ving detmeasurIemenht (ihAe o 2810"K d tec gtaben siga ourc) ah equlipaliert nise about
IS8 .10-16 watts. wT ~ hl ~ii boto know the manuldexect ofithe o utput is0.al0for a at geamnt
the radat esiiiot. ofernto he data nheet for0A tnds tube one8 fins tlihatwthy more sestvolt distrib

uted equally .100 ,olts e~tch) between thle cathode and flist dynode, between each succeeding
dynod? sta,-~, aild L~wten Ei te dynode and anode, the se~nsitivity to radiation at 390A Is
6 1,8C0.. a.vap/' Watt.
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This figure can-aiso be.deterninfed appr ximateiy~by ir J:ryi',tfie~cathode sensitivity
by the current amplitcation. -For the IP28-the cathocte s~s~i sO5.m/.aand
the gain is 1.25 x106; hience the Sensitivity is"0.65 K.2'O -,32,-0 -,-,O~amup /,,.att.

The sen~sitivity of-a~type 935 vacuum phototube, which z'so it ai,,S-5 6,spqoa~c, isgiven
as Qi.03,amlihwait with 290 volts on the ai~dde. Thý.s it can~he~saxmnlhat 1,he mr.'ipli r
tube, besid~s'pr-ovlding a lairge output, signal Yftli a low noise 16,' 1s, tis,-niorCefWicijlt,
coupling between thev~cathode and dinode than does the di&de~to It's. 'naut:,load i~eS.st&i hy
a factor of 0.0,5/0.643.

For absolute measurements each-,iube would have to be indivlduafl.% e-.A~r ed since
all the values quoted are, merely typical of, a particular type of tube. wiii'~ bc~to Fig.
14, the S-4, S-S -S-9, S-li, S-i0, S-19, and S-21 cathodes are cesfum-antifii- Ajbut th!L
finished tubes vary in the manner In which the cathode Is processed, whethxciJr4--opaqijuq
or seirnllranspaient and the type of envelope material, 4,hereby resulting in the dk'tOrent'fypes
of-responses.'

"Solar Blind" Receiverg

rFull advantage can not be-tak 'no of the high sensitivity of multiplier phototubes when] they
are used In daylight, sin.ce thcy are easily saturated by the amblent'llght. T116 has~led to
the development of "solar'blind" cells for use in the ulibaviolot regio~n.

For use in the middle ultraviolet the most promising photocathodes are cesium tellurioe
and rub~ilum tellurido. The-curve' inarl&od UV in Mig. 14 has this typik of cathode. The Ion,"-
wavelength cutoff of iaese 'solar blinds" is not sharp enough to completely olimlnate their
response to~sunlight-at ground levels as~evldenced by measurements-of Dunkelman, H~ennes,
and Fowler (22). They found that the radiation at 2537A nouassary to give the-same signals
as full sunlight varied from 0,-7 ? f0- to 1.7? 10-5 watts/ cm12 for thi'ee diode phototubes
and ne mu~ltili~ler phototube, all-with Cs-Te cathodes.

Photon Countert and Iwi Chambers

Photon counters and Ion chambers are simple and c )nipact and have great senisitivity
They call be desi Tned for op~eration at almost any wavelength. Tile properties of these two
types of detectoirb are reviewed by Friedman (23) and in tie literature. Since this report
does not cover tiit- far ultraviolet, these detectors will not. be elaborated on here.

Chemical Detect ion

Two chemical 'meU-ods of detecting ultraviolet radlatioiv have been compared with results
obtained with phlotoelectric nmethods (fi) with good results. Chemical miethods aire more
,appliicable , 0 experimental work and will ni~t be discussed bere.

SOURCES' OF RADIATION

Because of the difficulty of~generatinz high power moi.-)hromaut-~ radiation in 'he ultra-
viniet region the so-irces discursed irthis sectlkn Include those having' considerable output
In the visible and Infrared regions.

MONFIDENTIZMAL
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Incandescent Sources

The tutal radiation at all wavelengths froum a heated body is well represented by the
Steia..- Boltzmann law,

W ,A(T4  - I_-) (8)

where = 5.G7 10-12 watt cnm2 dieg 4 for a perfect Wlackbody, A is the area in cat 2, T
is the absolute temperature of the radiator, and TO is the absolute temperature of sur-
r.uioilngs. It Is easily verified that as the temperature )f the body is raised the radiated
enerly increases,,it a rapid rate because of the fourth-power relation

rhe spectral distribution of energy from a true blackbody can be determined from
Pianck's formula,

CI

where 1 is determined by the units and incremental bandwidth desired and is •olqal to
1. 177 10-1 watts per cmi per unit solid angle per cm interval.

ro convert ci to other conditions use the form (25)

Aires " •AVIen'I ,tlh in0terval'

Thus, for the radiation from one side of a surface of a i-em-area blackbody with the
wavelengti expressed in microns and the wavolength Interval equal to 0.1,,

I, 177 • • le iJ - (Io4)ý •Att%

(10)

3.,697 1it' UMVi m-I per . .1 .. l,. (11)

Sinc(• (-1 1.432 cin (leg, then if wavelength Is expressed in mnicrons, C2 would become
14.320 dlg.

The o.ilid curve of Fig. 15 shows the radiation from a 3000 K blackbody. It will be
iiotvd frusm the other curves y ov this figure that as the temperaturc is lowered the total
output drops and the p! A of the curve sht's to longer wavelengt.hs. The-peak I adlation
,.'k urs at a wavelength determined by the equation

T 2.1h,, ., V (12)

For the 3000 K source the peak radiation occurs at 0.963- and for the 1000 K at 2.89,,,
I-,th ii the firfrari d re•ion.

D, uslvl. Planck's equ.tion, or more conveniently, by use of tables prepared b, !..wan
ane' Diank I t2), tl. p, rtcnt .f entm' .y -n any spectral interval can be determined. With a
3A00 K souri c .,A)I. 0.2 percent of the total energy ties in the ultraviolet region between OA
and 400OA. About 6 percent Is In the %isible, and the remainder is at longer wavelengths.

T.pu .Ial ,peratiui temperatures of (ommon t~pes of incandestent lamps are listed by
K,,I1t h ý81. Tht hi,!he.st .1,eratinl temperature, of a standard lamp is 2990 K for a 1000-watt

CON FIDANT'.IAL
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bull). The total ultraviolet output Is 3.27 wa~tts or 0.33 percent. Between wavelengths of
3800A and 7600A, the visible region, the cutput Is 185 watts.

Mtercury Are Lamps

Mercury ai us provide a fairly efficient n'iiatzs of generating ultraviolet radial loll
because of tlie large number of aliort,-wave-lengthi lines In the mercury spectrum. Table 5
lists the ultraviolet emission lines of mercury. There are several strong mercury arc
lines in (lie visible, at wavelangths. longer than these, which are not listed In the table.

Merceury arcs are characterized as being low pressure or high pressure, and although
at the mercury lines are present In all mercury arcs, the strength deipends onvthe pressure,
whkiti is In turn a function of temperature.

Typical high-pressure ac opierated mercury aix. !2nps are( the tiviare and GJE 11-4.
When tile Vviare is operated with 560 watts input, the outplh. at wavelengths less than 3800A
Is 118.6 waitts. Table 6, compiled fronm 4iata onl p. 38 of Ref. 8, I'sts the spectral dlistribution
of ent-rgv fromu the LUviarc. The spectral distribution of energy for a 250-watt (UA-2) 11vIart,
lamip Is atlso given fin Ref. 8. The spectrum is similar to that in Table 0i.

T,%Uviare lamp bas a thermnionic .ýatliode for startuing the arc and to make ac operation
liomb~iliA. Rather than having anl excess pool1 of mercury. a limlited aniount Is usedl so that
it Is completely Ionized in operation. This makes the pressure relatively Insensitive to
amnbient temperature chainges.

Mercury Vapor Sunlamps

A r. idinlap. as its itdlne impli-es, is ono~ who:,ec outp~ut i eseinbles that of the sut n vi ,
ck.ir dj%. since thy .trc used primarily for an erythemial reaction, the outpait below 2800A
is liftcrvd out. The S-I, 400-watt sunlamp radiate", 7.7 watts betveen 28UOA and 3800A and
4S %ýttts in the visible region between 3600A and 7600A.

CON FIL)ENTIAL
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Table 5 Xenon and Mercury-Xenon Lamps
Ultraviolet Emission Lines

of Mci cury High pressure arc .lamps of various wattages for
(Wavelengths in Angstroms) operation on ac and dc are also available from Hanovia

1 Chemical and Manufacturing Co. The typ,?s 1 iiin

1 269.7 2399.4 3021.50 their bulletin art, given in Table 7.

1527 2482.7 3125.6 rhe energy from thfese lamps is radiated as both
a continuuri) and as lines, The total ridlame power

1592 2534.8 3131.56 'froin-the I0004vati miercury-xenon lamp is 480 watts
for the spectral range 2000A to 14,000- A. Heat from

1599 2536 3131.84 the quartz envelope and the tungsten electrodes

"1650 265 334.48 accounts for much of the infrared radiation, .whlch
1650 2652 334148 extends to about 50,OOOA. A table of the sipectral

distribution is shown in Table 8. It is seen from this
1677.9 2698.9 3650.15 table that 14 percent of the radiated energy is in the

ultraviolet region from 2800A'to 4000A,,40.5 percent
1783.3 2752.8 3654.83 is in the visible from 400UA to 7000A, and 45.5 percent

is in the infrared from 7000A-to 1.i,OOOA. This Ignores
1798.7 2803.5 3662.87 a small amount at longer wavelengths. Note that t~he

greatest amount of energy over any small region Is
1849 2Mi7.7 3663.27 radiated by tho line spectrum, the strongest one being

at 5790A in the visible.
1942 2893.6 3906.4

The xenon compact arc Is 6omnewhat less. efficient
ý222.'l. 2067.28 3983.99 than the mercury-x~enon arc, luiviiig an output, of 260

watts for 1000 watts input irkthe region 2000A ,o
2378.'3 A4046156 141000A. The distribution of energy Is much different,

I - - - as shown in Table 9. Here, only 4.6 percent Is in the
ultrav~olet, 23.8 percent Is in the visible, and 71.6
percent Is in the infrared region.

Low Preqsure Mercury Arc

Mercury arc lamps op~erated at low pressures radiate the mercury resonance line at
2537A almost twthe exclusion of all others. At low pressures the mean free path Is longer
than at high pressures and the prt~bability that atoms will r'adiate at the resonant frequency
before collision with high energy electrons is large.

Childs (27)'has investigated a low pressure mercury arc* as a calibration source. Ile
found th.wt 92 percent of the output originated in the 2537A mercury resonance line. At 1
mepter the 2537A irradza~ice was 3.9 . %watt, CM 2. The irradiance changes less than 2 percent
for pvw.wer s %pAx'ariatluns fron..l05 tu 130 volts ac, environmental temperatures of 19.4*C
and 26.6 C, and amibient air flows of 11.7 qnd 14.7 em/sec. After 16 hours of operation
there was no decrease in the output.

*M.I'iIIC-1. Micdk Li1gh, ELsvrn 'Torp., Port Washington. L. I., N. Y.
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Table 6
Dzstribution of Radiation from a Mercury Vapor

Arc in Quartz (Uviarc Lamp)

Wavelength Energy Radiated Milliwatts/cm
(Angstroms) (watts) I meter from Arc i

6234 1.2 0.0i7

5700 31 0.31

5460 22 0.22

4960 a:.nd 4356 20 0.20

4045 and 3906 17 0.17

3660 35 0.35

3341 .3.9 0.039

3130 24 0.24

3025 12 0.12

2967 5. 0.05

2925, 2893, atzi< 2303 4.5 0.&1i5

2752 and 2700 2.8 0.028

2652 8.4 0.084

2571 3.4 0.034

2537 5 0.090

2482, 2400, 2360, ard 2300 8.4 0.004

1942 ard 1849 2.2 0.022

lihh Vltate Limps

Mercury "-d sewn lamps fo- experime,,tal studies were described by Dicey and
Iftidgirs (28). he a.•rcury lamp, opera!.ng at 6000 volts, 100 ma ac, radiated 6 - 1015
quaita per seoi.d at 18T. "he xeror. lamp, ceratirg at 5000 volts at 120 Ma also on
N,-cps ac, radiated 1 10' quar.ta per secord be!.-= 1470A.

CON F M FN'TLA L
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"Table 8
Spectral Enprs7, Distribution o{ Xenon.Mercury Compact P.c Latmpr

Spectral ILI Percen Lines Spectral Raege Percent ltnes
(Angtroos)L____ (I ay) (Angstroms)_ (~af

Ultraviolet 7700 to 7800 0.600
O, ---- ~ 7800 to 7900 0.591

2000 1o 2100 0 -OIC 7 900 t1 8000 0.592
2100 to 2200 050 . 800 to 0100 0.537
7200 to 2300 0.2278100 o 200 047
2300 to 2400 0 :45 * 8200 to 8300 I.W0 8250 X.
2400 to 2500 0,595 2462 iti 8300 to 8400 0.508 -
2500 1o 2GO0 0.577 2537 fig 8400 to 8500 0.506
2600 to 2700 0.803 2652 fIg 8500 to 8000 0.480
2700 to 2800 0.550 . 8000 to 0700 0.508 -
2800 to 2900 0.760 2804 li; 8700 1o 8800 0.511 -
2900 to 3000 1.080 29067 111; 8800 to 8900 1.230 8819 Xe
3000 to 3100 1.340 3025 lt: I 8900 tc 9000 0.077 8052 Xe
3100 to 3200 1.880 3130 t1g 9000 1o, 0100 1.000 9041 Xe|
3200 1o 3300 0.060 * 9100 13 9200 1.230 0102 Xe
3,00 to 3400 1.210 .3341 lig 0200 1t, 0300 0.512
3400 to 3500 0.080 9300 In 9400 0.735 0374 Xe
34,00 1o 3600 1.020 9 0400 to 0500 0.482
3,5•00 to 3700 3.850 3800 lig 0501 )o 9600 0.755 0513 Xv
3 700 to 3800 11000 ] - 90) to 0700 0,480

3800 to 3900 0.880 9 . 0700 to 9800 0.478
3900 to 4000 0.725 J - 980010 0900 1.173 9800 Xe

S....... . -- 99000 o 10000 1.200 9023 XoVisibe - f 16000 to 10100 0,402
4o000 o 4100- 1-2.,720  40 4 5I 10100 o 10200 2.358 10140 ig
4100 to 4200 I 0.670 10200 0o 0300 0.453 -
4200 1o 4300 0.620 - 10300D1o 10400 0.453
4300 to 4400 5,383 4358 lig 10400 to 10500 0.452
4400 to 4500 - 0.572 10500to 10000 0.528
4500 to 4600 0.572 10000 to 10700 0.436
4600 to 700 0.540 I 10700 to 10800 0.420
4700 1o40010.516 10800 1o 10000 0.417
4800 to 4000 0.528 10900to 11000 0.460
4900 to 5000 0.72J 406 Iif 1000 to 11100 0.40';
5000 to 5100 0.586 - 111001o 11200 0.405
5100 to 5200 0.044 11200 to 11300 1.21 -

5200 to 300 0.778 11300 to 11400 0.388
5J0 to 5400 0005 :11400 1o 11500 0.384
t4W to 5500 6.780 15461 I1g 11500 to 11000 (0379
5500 to 5600 0.032 1 1100 to 11700 0.374
5600 !o 5700 0.912 11700 to 11800 0,362
5700 to M8O0 8.00 5700 fig 1180010 , 100 0.350
53O0 1t, 5900 0.800 - 11900 to 12000 0.354
5900 to 6000 0.760 12000 to 12100 0.340 -

6000 to 6100 0.775 12100 to 12200 0,342
0100 t1 6200 0.775 122010 to 12300 0.6131
6200 1o 6300 0M782 12300 to 12100 0.332
6300 to 6400 0.782 '12400 to 12500 0.328
t400 to 6500 0.786 12500 to 12•00 0.322

W00 to 6600 07aG - 12600 to !270 0.3M8 -

6600 to 6700 0 7MA 12700 to 12800) 0.314
(1"00 1'. 600 0. 120 -

1
2800to1200 0.308

0(00 to rVJ4, 0' 3U40 2 12200 to 13000 0.308 -
00847 13000 to 13100 0.305

000(4 to 7000 0071-- ,30t1?O*3))S.. . . . . 13100'1to 132(ý) A "'1
, I 13200 to 13300 0.295

-,,w, 71, 700 05 T- 13300 to 13400 0.202
'100 t. 7200 0.824 13400t013'00 01 ''A~ 7 t0.ý 73N)• 0)$25 In,*0 1- 131,00 I..o1

"73'.0 1, 740') 0 t<j. ' - 1300 ito 13700 287
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Table 9
SpectralfEnerg-8hstriboUon of Xýenon Compact Arc A.•rps

!3Cc Lntg .Xe Lim S, r1r1-aLnigo ~ fX ~e
(Angitranht(i any) r(A n s)~m j.Z . 3y

Ultraviolet 7' 00 to 7800 0.823
t800 7900 00,-l2000O to 2m0. 0.019 78{)0 to 8000 M,14 -

2100 to 2200 0.076 8000 to 8100 0.622 -
2200 to 2300 0.036 8100 to 8200 0,854
2300 to 2400 0,051 8200 to 83OG 2.026 8231, 8280
2400 to 2S00 0.064 8300 to 8400 0.00 8346
2500 to 2600 0.107 8400 to 8500 1070 8409
2600 to 2700 0.18 8500 to 8600 0.573 -
2700 to 2800 0.149 8600 to 8700 0.588 -
2800 to .1900 0.203 8700 to 8800 0,646
2900 to 3000 0.237 8800 to 8900 1.110 8819
3000 to 3100 0.236 8900 1o 9000 2.780 8952
3100 to 3200 0,242 9000 to 9100 1.700 0045
3200 to 3300 0.271 9100 to 9200 2.410 9162
3300 to 3400 0.187 P200 to 9300 0.652
3400 to 3500 0.282 9300 to 9400 2.680 9374
3500 to 3600 0.420 9400 to 9500 0.712
3600 to 3700 0.452 9500 to 9600 2.020 9513
3700 lu 3800 0.470 9600 to 9700 0.710 -
3800 to 3900 0.505 9700 to 91100 0.750
3900 to 4000 0.540 - 9800 to 9600 2,400 9800

Visible 9900 to 10000 4.210 9923
- 10000 to 10100 0.080

4000 1o 4100 0.570 [ 10100 to 10240 0.918 -
4100 to 6k6O 0.617 10200 to 103(10 0.809
4200 tof4300 0.641 10300 to 10400 0.848
4300 to"14400 0.660 10400 to 10503 0.:30
4400 to .ý500 0.69 - 10500 to 1060) 0.923
4500 to 4060 0.152 4501, 4525 10600 to 10700 0.887 -
4800 to 4,100 0.925 4624 10700 to 10800 0.897 -
4700 to 4800 0.809 4734 10800 to 10900 0.995 -
4800 to 4900 0.752 4929 10900 to 11000 1.000 -
4000to 5000 0.738 4923 11000 to 11100 1.045
5000 to 5100 0.718 11100 to 11200 0.995 -
5100 to 5200 0.738 11200 to 11300 0.940 -
5200 to 5300 0.720 11300Do 11400 0,899 -
53DO to 5400 0.718 11400 to 11500 0.781 -
5400 to 5500 0.694 11500 to 11600 0.754
5500to 5600 0.682 11600 to 11700 0.'M33 -
5600 to 5700 0,668 I 11700 to I I00 0.7:40 .
5700 to5800 0.727 1118001o 11900 0.773 -
580 to 5900 0.807 11900 t 120D0 0.892 -
5900 0(6000 0.835 12000 to 1210( 0.807 -
6000 to 6000 0.875 12100 to 12200 0.771 -
0100 to 6200 0.882 12200 to 12300 0.698
0200 to 0300 0.892 12300 to 12400 0.683
6100 th 6400 0.897 12400 to 12500 0.609 -
6400 to 6500 0.935 12500 to 12600 0.691 -
6500 to 6600 0.935 - 12600 to 12700 0.697 -
6000 to 6700 0.973 12700 to 12800 0.718 -

6700 to 6800 0.975 12800 to 12900 0.788
680O. to 0900 0.9768 12900 to 13000 0.798
6900 to 7000 0.985 1 13000 to 13100 0.713 -

Infrared - 13100 to 13290 0,648
J -3300 1o3300 0.60

7000 to 7100 0.O 13300 to 134K0, 0.0•6"I 100h,720o 0.,45 U 134ooto 13503 0U12 -

7700 t- 730 0 to Q6000 1617300 to 740 0.6 . 13CO0 t., 1370• 0 W'

7 100 t o. '-.vu 0.87 1 1 7 0 to 13800 0,G05
7500 t., 7(00 no848 13A0, to 13900 0,590

7L to0 7700 0,830 13900 t,, 14000 0,518
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The Gallium Lamp

White (16) described !n detail the construction of a gallium arc lamp with a large per-
centage of the output in the ultraviolet. The lamp is filled with pure gallium iodide and a
gas mixture coneisting of 20 mm c' argon and 5 mm of neon. It is energized from a trans-
former having an open circuit voltage of 1500 volts and operates with a current of about
25 ma.

The spectral distribution of the energy radiated by the lamp is listed In Table 10. The
gallium arc lines are also shown In this table. The mostintense lines In the ultraviolet are
at 2874A, 2943A, and 2944A. The most Intense lines radiated are at 4032A and 4172A.

Table in
Spectral Distribution of Energy from a

Gallium Arc Lamp

Wavelength Band ti i(Anstrom Mllwatts/Stera__jALstonis '11-1Are Lines

2448 to 2472 0.3 2450
2472 to 2498 0.1
2498 to 2524 0.5 25,00
2524 to 2550 1.5
2550 to 2607 0.0
2607 to 2639 0.8
2639 to 2671 0.5 2659
2671 to 2705 0.04
2705 to 2741 0.7 2719
2741 to 285,4 0.0
2854 to 289'7 4.7 2874
2897 to 2921 0.2
2921 to 2968 9.1 2943

2944
2968 to 3018 0.03
3018 to 3601 0.0
3601 to 3696 0.07
3696 to 3708 0.02
3798 to 3909 1.2 3872
3876 to 3989 6.1
3989 to 4110 19.1 4032
4110 to 4244 18.1 4172
4244 to 4391 0.08
4391 to 5232 0
5232 to 5512 0.07 5360
5512 to 5835 0.02
5835 to 6215 0
6215 to 6672 0.07
6672 to 7210 0.Pq
7105 to 7760 0.2
7760 to 8545 0.6
8848 to 9418 0.5
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When Ilils lam1, Is covered by a 11G" filter (16), it is-invisible to thle unaided eye beyond
5 to 10 yards. With it 2-inch or a 5-inich metaseope using ultraviolet phiospiO6-huttons it-
canl be seen clearly at I mile and possibly 2 mileg onl an average~clear night (atfijuspheric
transmission 40 percent per nu1i(1 A

-The Alagnesium;Spark

Intense pulses of ultravilcet radiation can be gencratet: inithe magnesium high voltage
spark. A high voltage Is discharged between magitesiun eie~ctrodes in~air, cai bun. dioxide,
or other gases. Either ac or dec operation is feasible. Tae~output fromt tiko mngnesiuzifi
spark consist., mainly of the four ilines 2791A, 2796A, 2798A,.aiid 2803A.

The Carbon Arcs

tly using specially com'ec-carbons, high lntens~ty outputs in thle ultraviolet region are
attaInable with carbon arcs. Figure 10 shows the 9pectral dlstribntion of energy (rom a1
carbon arc using cored carbons designated as U-carbonl,. This arc was operated front an.
ac source and drew 60 amperes with 50 volts acrosis thie arc. Bath ac and (dC operation of
thie carbon arc Is possible. Withi (iC operation, only the positive- carbon Is cored.

~400

300,
0

X 200 jFig. 16 - Spectral distribution of
energy from a carbon~ arc willh

a0 U-carbon electrodes

01

ý12000 3000 4000 5000 6000 ?Or^)
A WAVELENGTH IANGSTROMS1

Gaseous Discharges

A unique type of Vas Iiihag lamp (20) was developed at Northwestern University for
use Iin % pulsedl-time modlulation systemi. Tubes filled with nitrogen a~t approximately 10 nmm
iig enllttcd(lite second positive nitrogen biads. Mlash dlurations were(* tht order' of 0.1
microsecond at rep~etition rates t. 1 to 100,000 iper second. Both Intei nal and external elec-
trodes were used, A tube filled with 10 mmn lg tank nitrogen and flashed with 8 ki' at 4 mla
emits band spectra from about 2200A to 5000A. Special circuits were required to prevent
the (lisclharge fromt he:ig cunii(nuous.

- '~iaetby Nationa~l Ca -bon C2o.
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InI other experiments oin gaseous discharges, Richardson (30) used gas filled tubes
without electrodes. The gases were excited by coils around the tubes using a frequency 6!
120 Mc/sec. Neon gave the highest visual efficiency while nitrogen was found most suitable
for pulsed discivirges. Gases wh! zh were used included neon, helium, xenon, nitrogen,
mercury vapor.t and krypton.

SOLAR RADIATION

If one wishes to operate ultraviolet equipmen-t in tile sunlight it Is neetnssary to deter-
mine thie extent to which thle receiver wiil,hoeaffected by solar radiation. The amiount-of
solar flux at a particular location depends onl thle altitude, latitude, climatic conitiffons, the
time of day, and thle season. Measurements of solar energy have been made inI various
localities, and some ot tile results are (llscussedi in the following-paragraphs. Thle regions
of Interest for (thile report are thie middle ultraviolet an~d thle niear ultraviolet. The absorption
by ozoite hias anl important bearing onl this pr'oblem.

The amiount of atmosphere traveled relative to the amount dlirectly overhead Is called
the air, mass. Whenl the sunt Is InI the -zenith the air mass is 1.0. The air miass Is almost
equal to thle secant of thie zenfit dtistance (or 90 minuis the altitulde).

Figure 171 shows thie spectral dlist 'ribution of solar radiation for three different condi-
tions. Thle curve labeled NI = 1.05 Is a spectral pllot of thle energy In, watts cni 2 ,per 10A
ivtnd with an air mass (M) of 1.05 at Washington, D. C. (31). Ani air miss of 1.05 corre-
sponds to a zenilth dietance of about 18 de-grces.

'40 - - --

I 'I

Fiv. 17 Spe~ctral 11151 ribution of solar r;,di.toon tra~veizig
thrm~~gii the1 air m11,18 dtr1-vtty overIhr. Wd 1)', a nd at
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Thle data-of~the curiv labeled M =1.6 were plotted from the sane source as the curve
M=I and showv the decrease haI radiation reaching tile earth when thle air mass is 1.6. Ani

air mnass of 1.6 is equivalent to a zenith distance of.aix.P51 degrees or an altitude of about
39 degrees.

The curve INI 1 was plotted from data taken at airvttltude of 1l,190 ~ ai 'Clima:X,
Coloradto (32). The curve shows-af~proximately thle mecaa value--of radiation for four days
fin Septemb~r 1951. The original daita are arranged in , table having values for M = 0, 1, 2,
and 3; however the curve in Fig 1.t -j-for M = 1 only. Alt this altitueo 11,19 feet 35pr
cer.t-.of the total sea-level atmospherc ~ties below the location of thle station nt Climax.

The absorption hands shown in Fig. 17 are the result of Fraunhofer lines.

Figure 18-,(33)'. a typical reprcsentatlon of the manner fin which the solar radiation
lnfensiy varies w~th the time of dlay and the season in Washington. These plots show that
th" Iax~imnum radiation incident on I horizontal plane occurs fin Junte at noon. Thle obser-
vations were miade onl four, very cleair dlays. The spectral region Is for waveleigths of 3132A
and shorter.

180

$0 JUNE 4,1943

i~O -APR 10,194,t

S90 - Fig. 18 - Daily arnl seasonal
-variations 1in f , i- n 8i y of

60- S~ lý,094 uilt raviolet radiation observed

0C 1,1 Washingtonl, 1). C.
5 30 -

R '9ý

A Ll6 1 8 9 10 HI 1, 1 2 3 4 5PM

Figure 19 shows the extent to wvhich the atmnospheric transmission is affected by ozone
absorption. Thle data p~lottedl in Fig. 19 were used in determining tile conditions during tile
ltime the mneasuremtents wvere made at Climiax. The straight line Is a plot of atmospheric
transmission when on~ly Rayleigh scattering is present. This line was p~lotted from Eq. (2)
for Rtayleigh scimtterhig. At wavelengths shorter than 3400A there was absorption by ozone.
The difference in orý'Inates b~etween tlie straight line and the observed data at any particular
wamvelength indicates thle ozon~e absorptii, Tile optical absorption data wcre correlated
with tile aniount of ozone by the use of absorption coefficients for ozone gas. About 0.21 cm
of ozkniC at STP is a typical value (or latitudes near those of Climax and WVashington, D. C.

Measurements of global radiation (sun plus sky) tak~ni on a horizontal surface III tile
Sw~ss Alps at Davos Observatory (34) are p~lotted fin Fig. 20. These data show flow tile
solar radiaticii varies as a function of the altitude of the sun from 15 degrees to 50 degrees
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S9.8
9.6
94

9 .2. A( 0CM 0,
Fig. •9 - Atmospheric transmittance 90 .25 CM •,
at Climax, Colorado; total ozone 86W
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Fig. 20 - Solar radiation in the Swiss Alps

and also the spectral variation for v.,tvelengths from 2900A to 3600A. The total amount of
atmospheric ozone was 0.25 cm. Typical recordings from which these curies were plotted
show the si-nal merging into the noise luvel of the equipment a. wavelengths uf about 2950A.
It was iound that the atmospheric ozone in the Fiss Alps (Lal. 45'48'N, Long. 9"49'E) In
anmounts from 0.2 cm to 0.3 cm L.a'wea variations of the intensity uf the sky and sun radi-
ation at 3000A of from 8 to 16 times.
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DISCUSSION OF COMMUNICATION SYSTEMS
USING ULTRAVIOLET RADIATION

Basic Considiwrations

At long ranges, tile eye may be able to detect a signal, light, but if the ilp."' is vii r, the'
threshold level, communication will bty difficult or impossible. Factors of froni1 2 to 150
times the' threshold candlepower are reported (35,36) to UP necessary for communication.
At night, heivever, the intensity is likely to he above the threshold at the~ranges of Interest
One can easlly comfirm from 'the following discussion the fact that communication with
visible sources it night at a range of 12.5 miles presents no problem whenl security is not
required, iprovided the atmosphere is not fog&~. For examplf,, consider a summer day when
an island or ship against a lhorizon background is visible at 12.5 miles and thie atmosphere
ha-s a slilghtly hazy appearance. With reference to Table 2, a daytime vlsibillty'of 12-1/2
miles; i.,orrespondls to a nighttime condition where a 100-candlepower of approximately a
100-~vatt tungsten b3-1111 is visible 7-1/2 miles and a 10,000-candlepower billb, 18 miles. This
refers to a bare bulb with no optics.

The flux density of sources at anyý distance can be calculated from thle equation

;-02- "1)2 (13)

where F is the luminous flux (lumens), D Is tIhe distance from thle source to thle receiver,
tIs thle transmission, ,is the attenuation coefficient, and i Is the luminous intensity

(candlepower).

If thu lamip is now p~aced at the focus~of a-parabolic -mirror directed toward tile receiy-
W4t position, thle apparent luminous intensity of the whole mirror is

'A (14)

here .Is the reflectance of 'tile mirror, R Is thle ra-Mus of thle mirror, and il is the lunid-
nance or brioehtness (candles/unit area)l. Equation (14) applies to a source which Is not a
point source and where the observer Is sufficioi~tly far away that the ailrror is uniformly
illuminated. Equation JI) :,,n be substituted in Eq. (13) to determine the flux density when

rerrabo~c reflector In used.

The effect'o( thie p~arabolic refierctc is~to causae a source of a giveni bilghtness to appear
to be a source of greate'r area and the bamre b~rightness. For exanmple, a circular source
with no reflector hils ýi luminous intceisitý of 'llr A candles, where r is Its radius. Whien
placed at the focus of a p~arabolic reflector thie lumlinous intenisity is,"II 2, where R is thle
radius of thle mirror,

The 100-candlepower lamip )khich was visible at 7-1/2 miles with no reflector, might
have a lumilnous intensity of 150 timecs this when placed at the focus of a 12-Inch-diameter
mnirror. It would then be visible for over 18 wniles. The 1000-watt mercury-xenon b~eai n
with a Fresnel tlens has a candlepower of 100,000.

'tile above discussion is Intended ko show that where security is not a consideration,
visual conmmunication at night is easily aichieved-with existing equipment, for bjath direc-
tional and all-around operation.
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During daylight the situation is quite different Alight viewled against a b Ilght back-
ground is much fi~nOre difflcult to see because of t. eJower contrast ratio. _Ki611, Beard,
TFouspy,.,and Hulburt. (35)-determined the threshol, ldf point sources 66 light in fields of
differe.it brlghtn.ass. Quoting. fromdiheir -report, 5ý an average day with the-itun above 40
degrees the background br~ightness is 200 candlps,/ft 2 or "6.76 lambprts. They further define
an average day as one in which, the tran~iniissiom,is 0.6'to bo) pei' sea mile, whV- iromi
Xiablie 1', Is szen to be a clear uity. From Table.' of their repori, one findlý that ai 12-jnch
searchlight, o1J 00,000 candlepower haswan obsei'výd thrshiold'ofl 4 tot 1.1 miles (average 6f
6.8 nilles):ant a421 -linch-searchlight of 100,006O,000 candlepower has a threshold of 9.5 to,
19 miles (average' Df 14.7 mie .1s) on anl ave~rwge day. At -this~polnt it might he 1!oted tU1t tile
2-1/2-kw mercury;'xenon bea.1con-has a candiejbower of 100,000. Th~eir domments are that
for~sigiialing-purporses the candlepower of a-,iighit should be 30 to~5 times -great er'than that
required for -ilt~e.5liold range. These %lucs are somewhat more pessimistic thanl the
values of 1.7 to 25 found by Dunkelman (36). Regardless~of the factor Ait s worth notlng'that
Dunikelinan found experimentally that on anl average day, in which thle transmission was 0.57
per sep mile, the-maxiiiiini range of the 100',000-ýandletiowvr beacon 'foi,- code messages
sent at 5 to 7 words per minute was 1.7-milcs. All of these facts indicate thle need for

inacng (lhe signal-to-noise ratio during djaylight.

A Brief History of Ultraviolet-Commiiuniications,,

A few previous experimenits ii ultraviolbt communication are described In the following
p)aragraphs to illustrate ýhe extent of prior efforts.

Early work. lit the Hield of ultraviolet communications lncludes~that of ilulburt, at 'the
Naval Rlesearch, Utbumatury. Tlwt'reporL (37) "Signalinmg anmd Detectioni with Ultra-Viulot,
and-Infra-fled Iladiatlon" summarizes thle work done at NRL from 1926 ihirough 19:313. Thie
6tiraviolefi-signaling system deck :!bed in this reilort consilsted of a 3-l-W; 30-Inch search-
light with impregnated carbxor.x and an u~trAvol't filter. Mounted to the side of the search-
light and accurately pointed'in the'saiine direction wa-s a telosrope of good lliiit-gatheriiig
power with a screen of fluorescent mnaterial in the focal plaie of the c'bjective. The ultra-
virlet efficiency of the sc~;ncc was less than 0.5 percent and the efficiency of the receiver
ir canverting the ultraviolet to visilie Jight. was less 1han 1 percent. With this equipment,
two dlarkenled ships were able to local -and comnnivl~cat wit~i'each other at, a maximum
ratige of 4 miles. The maximum r;, 6~e obtained onl a clear mugt, was 6 miles. Thle lights
were visible at I inile with biniocul~s.

Willie (16) was concerned .0ith cominmuni cation by ultraviolet ]in the, region where It is
entirely invisible to the uit:e j eye. Therefore fliltrs, sources, and receivers we~re devel-
oped primarily for thle wavelengthm region 2500A to 30010A. Thle ranges which are quoted are
based onl an ai~crage day, which hie defines as having a visible traiismission of 60 percent
per mile and anl ultraviolet transmission (2700A-to 2900A) of 40 percent per mile,

One system wvhich hc devemo~ed used a gallium source housed in a 6-inch-diameter
reflector with a 25-degree huriz( ntal and 15-degree vertical beanm. With a "G"l filter this

source was not visible to thle unaided eye mw~ e 'han a few yards. With a phosphor meta-
scopt. as a receiver the range was I w~ 2 alieos. When a I1P28 multiplier phototube at the
focus of a 10-inch diameter ff1 mirror mas used for receiving, voice communication was
lposs~ihleit) lei .1 miles. Thle daytiiae range was oiily a few huadred yards becauee of the
filter required to exclude sunrlight from the receiver.
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A low pressure mercury are lamp was found to have I etter efficiency at 2537A than
that of the gallium lamp at 2900A. However, due to theoh-nleim;,,itmospheric attenuation, the
two had about equivalent ranges.

A 400-watt high pressure mercury arc lamp at the focus of a fl-ihch-dloneter parabolic
mirror was tried with an "A" filter (16), which pwised the 3630A and 313,1A i,,as. This
could be seen with tie unaided eye for some distance. A "B" filter restricted thie utitput to
the 3130A li.e, but the light was visible at I mile. The range with a: meiascope was 5 to 10
miles;

Table 11 ,.unmmarizes some of the systems considered feasible by Whin. Vacant entries
represent unsatisfactory combinations.

Table I I
Systems Considered Feasible by White (16)

Range for thewIndicated Source (yd)

l e TI Carbon Arc
llece.er Time [400-watt lligh.iressuro 50-watt Gallium 05"'amp dc,"

Mercury Arc Lamp, 2800A Grld'Modulat'ed,
____ _6"' *' Xam

Phosphor Day - 200

NMetascopo Night 1'000 2,000

Photomultiplier Daxy - 4,500

2 - 2 field Night4 - 70,000

The Elcon Laboratory, Inc., tinder a contract with the Federal Aviation Agency (38),
ifestivated the possibility of providing a collisiou warning system operating in the ultra-
violet ,pectrurm and having a range of 10 to 15 rmles. This system could conceivably be
uied for communication by code.

'Tho ,ource used lor "heir ,oxperitmental program consisted of a G. E. Type GJ5 T"
l15watt low pressum e mercury lamp with a polished reflector designed to produce a beam
I- Incites 30 degreea. The recel',er wah a 1P28 multiplier photolube mounted in a
reflector with an area of 0.3 m2 ana a field of view of 0.03 radians. The 2530A mercury
Ih aA the WolW'cC Of mosbt (if the kignal. The uolput of the lamp at this waveleiigth is
alklut 3.6 wattE. The lamp was opezatd from a 15-cps supply, and a 30-cps synlchronous
detection smtem was used at the rte.,("er.

Operation was ralinly at :right to avoid large signials front a solar background. Con-
sI~te At reception was achieved over a 2.3*kin range as l'.,g as the visibility equaled ox
vxcredcd 2.3 kmi. The niaxinumn practical range with hids system was concluded to be 2.2
miles with a 15-mile visibility.

?jw.:,her yvstem using mercury ;,ernmocidal lampi was developed b'y Northwestern
Unv. i r.,itv 139) f,,r the Eans Sipgal L atx,,rat,)r. hi this cask. an 8-watt lamp %as pulsed
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and amplitude-modulated using a potential of 3300 volts. The peak power was sound to be
about 30 kw a~id the average power about 3.9 watts. Four-watt. and lb-watt. lamps wvere also
pulsed, the lib-watt lamps being somewhat freer from jitter.

A pulse time modulatedji~ght beam communication system was developed by North-
western University for the U. S& iavy (29,43). Tha cource for, this system wzs ' Jvr filled
tube~developed by No~rthwestern. When th~e tube wa,.s filled %vith aiotrogen a, 10 mir. pressure,
apd pulse time mo'iulated with 7.5 kv, the output of the band system extended from about
2200A to 5000A. The duration oi the flash was about 0. 1 micirosecond,, and the peak of the
enerr:. was in the near ultraviolet. The reflector was a '1 4 Anch-dia meter Ulzac aluminum
parabolic mirror giving a field of view of 7.5 . The receiver used a I1P21 multiplier photo-
tube at the fo'rus of a 16-inch parabolic, Aizac reflector and H~ad anl optical beanmwidth at
half-intensity of 3 degrees horizontal and 8 degrees vertical.

This b, 'Aenm was demonstrated fin Washington, D. C., with a path c'ngth of 5 miles
betweern the Main Na~y Building and NRL. The tests were conducted at nighi'uslng a
Corning No. 9863 filter to eliminate interferencc from tunur-~n-lights. Coalillnwicn! toil ill
full sunlight was not possible. The Atmnarpheric transmission was measured at 5500A-and
extrapolateifd In 4Q00M ussing curres from ticf. ". 11. Wheop time tialinlbiSsion w'Aas 0.4 per litle
or better at 4000A, noise-free transmissions over the 5-mile path were possible. T110
vacuum range of the equipment wvas 50 nilles.;

It should lie noted that none of these systemns'were reported to have good daylight

In% the Elcon expcri...ents and one of the North~western University equipment,- standard
low pressure (germicidal) mora'ury 21rc lamps %rcre used. These are highly efflInAen ultra-
violet lamps fin that virtually all lthe radiation is at one wavelength, 2536.5A. Unfortunately
Wint is atso very close to the peak absorption of ozone.

In order to evaluate the losses due to atmospheric absorption by ozone and oxygen and
Rayleigh scattering the data shown in Table 12 were tabulated at wavolengths; of 2536A,
2950A. 3GCt)A, and 54G0A fromt Figs. I and 2. These wavelengths were selected for the
fol' iwing reasons: 2536A is the wavelength of maximum output from a low pressure
increury arc, 2950A is the approxamnoite cutoff for solar radiation, 3600A in the near ultra-
violet was picked at random, and 5460A is; a visible line emitted by a mercury arc lamp.

From Table 12 it is seen that in a pure atmosphere the int'nsity of a source radiating
at 25'1A is reduced by, a factor of 5.2R - 107, whereaq one at 5460A is rcduiccdl but 1.2.4
tames at !0 nitles. In a real atmosphere the attenuation is much greater and less selective
with wavelength. This Is borne out by the measurements of Dunkelman (7), shown also fin
the table. The data for-scattering try -fog cover only the region front 29DOA to 4500A; how-
ever the at'tenuation is virtually: constant over a wide range of wavelcnghts.

rrom Table 1? it isý concluded that a source which radiates mainly at 2536A is urlobir-
able becat~se of thme ligh albsorption by ozone. Frem the viewpoint of ahsirption by gases
the Interval 3500A to 4006nA appears to offer least attenuation, buat in a real atmosphere
e~xperimenetal ire'mlts shcw that scatterir.g by haze and fog are. the dominant sources of
atter~uatiun arnd the selectivil of a -best region' may be les:, critical than one might slispect.

rile nitrogen filled lamps and acconmpanying circuits developed at Northwestern
Uri~erstN -ýr~d NRtL would appear to be the most promising sources &'Or an ultraviolet
bvtste'u. sirce a large percentage of the oatput is in the middle and near ultravi-lot region.
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Selection of Components for a
Communication System

For initial worIk the 1000-watt niercury-xenon arc is aI good source because it hals
fairly good output in the region 2500A to M90A (about 12.8 watts) and is convenient to use.

For dayl~ght operation a narrow-band interfereiic filter can be used .it tile otitctr~r
to exclude solar radiation. According to the mnanufacturer's data, anl all-dielectric , 1 ,iter-
ference filter Is available peakedt at 2800A (or above) with a half-power bandwidth of, 100A
and a transmission of 20 to 40 percent. This filter would still have-somei tranlsmission ai
2050A; however p~relniminary exiperimo~nts indicate thiat daylight operation is feasible-with
sonic solar radiation present. Another method for greatly reducing the amottat of solar
radliation at the detector Is by use of a dlchroic mirror whtich~reflecis ultraviolet andl trans-
niits-0stibll radiation.

The( encouraging results obtained with nitrogen filled tubes Indicate the need for further
ovi.'alwtioll of such sources.

The signal-to-noise ratio of the systo'cni canl bc further imareased by the use of puisedi
sources, Keene and Richardson (30) have shown thaiaoloia might expect 't pulsed Voice System
to have a asignal-to-roise ratio 32 timles that-of a ew system and a1 Code systemn using a
pulsed source to have a signal-to-noise ratio 100 times that of a c%ý system, for equal
average powers.

Detectors

Assuming that the best signal-to-noise ratio and a high sensitivity ai e de-ired, thle
r.- jst suitable detector Is a multiplier phototube. If the dletector miust measure radliation lin
absolute units witho~ut frequent calibration a diode phototubo will bmore satsfactory.
Otherwise a multiplier phototube Is more desirable becausoeof its high gain and low noise
level.

Since thle nia~or problem Is to dietect a sou,!= during tile daytime, it would be highly
diebtirble to have a photocathode which ,s sensitive to long wavelengtih ultraviolet, yet is;
insensitive lo -;ol~tr radiation which would tend to saturate It. Such tubes are available but,
as explained lin Rof. 22, have somec response to solar radiation. These tubeb atre still uidlei
development and .,re relatively expentive as ,ornpared to ether types. Therefore, it is
iprobabll more debirable t,, select another type, UShil; d tkm cudbs shouwn lin Fig. 14. A photo-
sens'tive cathode with S-5 response will provide adequamte senmsitivity lit the nilddle andi near
ultraviolet regions.

Electrical Circuits

No mention ha-be. made "'f the .!cctrical and electronic circuits, since these involve
technciques which are wecl known and will w ary axc - irding to the application of the detected
big'mal.

I~n nwb"t tabes the source will b~e operated fromt a 60-cps power stipply, iso thit tile
ramdiatd energy will consist of 120-cps pulsts. If comnmunication by only codle lo anftitijpated;
an ampilifier isynchronotuslv tuned to 120 L.ps and hatAi~g a fairly crm ow* bamidwmvdtia mioumu oe
used. lfcnuvver, if pulsed sources are used, -- m~cl-band systemn is required.
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Circuiry used In obtaining experimental data will be includIed In a following report.

Component N-velopment

There are sovernl aremi Wlhere an tmjp.rovfhim,,qt !I, components, if of sias.,,tcazt mag-
nitude, would resull fin greatly Improved performance of an ultraviolet cvniniunicatlons
system.

The- available sources have been shown to have output fin the ultraviolet, visible, and
infraredl regions. fin most cases the ultraviolet output at ine desired wavelengths is a very
slaillipercentage of the total ootput. The only- exc~ptlon considered ihere was the low pres-
sure mercury arc, it has a low-average 1p,-wor capabli~ty, and tho ma~ximunm outpuat att 2536A
Is; too greatly attenuated by the atmosphiere to be tdlghly useful.

'Ilne tiltravlolet filters which are available have a nmaimium of 40-prettas~~o
and usually less. 'rho attenuation outside tWe diesire(! hands Is not great enough to exclude
tnt erference fromt solar radiation.

Photocleitric cells are sensitive to it very wvide spectral regict,.j and) therefort. maximum
use~cmmiot be made of their capabilities during daylight operation. "Solar blind" cells have
not yet reached a state of cieveicpmnent where they are completely solar blind.

CONCLUDING REMARKS

An examination of theoretical and experimental atmospheric transmissioni data leadis
to the conelusion that the region or some portion of the region betwecn 2800A and 4000A is
the most promising portion of the ultra~violet spectrum for communikations systems uising
priuseuntly available comp~onents.

An zuuvestigatioa of other types of sources such a6 lasers and plasma arcs and other
regions of the spedruni are authori~ed under this Task Order but are not considered in
Aiib I VjIort.

From preliminairy field tests, daylight operation using a meorcury-xenon arc, xenon are,
or nttrugcn gas (tiszharge as a source and a polutucletector with a narrow-band filter appears
feasible. A pulsed source with Idgh pealn power output will provide a better signal-to-noise
ratio,

CONFIDENTI7AL
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